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92a Sunday, February 16, 2014dependence of the heating and cooling hysteresis. Sucrose has a marked effect
on the location of the cubic- inverted hexagonal phase transition temperature,
dropping it by about 20C per molal of sucrose concentration. A strong asym-
metry is seen in the kinetics, with the hysteresis in the cooling direction being
roughly twice that in the heating direction. This is in contrast to the heating and
cooling symmetry in the lamellar- inverted hexagonal transition seen in phos-
pholipids. Sucrose also dramatically increases the hysteresis and the effect is
most pronounced at slow temperature ramps. When cooling at a rate of
0.01C/s, monoolein in a 0.5 molal solution of sucrose exhibits a hysteresis
of 1.7C; monoolein in a 3.0 molal solution shows a hysteresis of 7C. Avrami
exponents for cooling fall in the range of 2.0 - 2.5; for heating, they range from
1 - 3, with the higher exponents seen at slower ramp rates and higher sucrose
concentrations.
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The sterols in plants, or phytosterols, are often prized for their ability to lower
plasma cholesterol. On the other hand, certain lipid metabolic disorders (e.g.
sitosterolemia) are correlated with an excess of plant sterols. Here we examine
the miscibility phase behavior of membranes that contain plant sterols, with the
eventual goal of comparing the interactions between lipids and phytosterols
with the interactions between cholesterol, and lipids. To do so we map misci-
bility phase diagrams of membranes composed of a common plant sterol (stig-
masterol, ergosterol, or beta-sitosterol), a lipid with a low melting temperature
(DOPC), a lipid with a high melting temperature (DPPC), and a small amount
of a fluorescently labeled lipid that preferentially partitions into one of the
membrane phases. We use electroformation to generate giant unilamellar ves-
icles, and we observe phase separation via fluorescence microscopy. We
compare our resulting phase diagram to a well-studied system, specifically
membranes of DOPC/DPPC/cholesterol. Our data suggests that minor struc-
tural changes between phytosterols and cholesterol have a large effect on mem-
brane miscibility.
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Lipid membranes containing ternary mixtures of a lipid with a high melting
temperature (Tm), a lipid with a low-Tm, and a sterol can phase separate
into two coexisting liquid phases over a range of temperatures and composi-
tions (Veatch 2003 Biophys. J.). The two phases are termed liquid-ordered
(Lo) and liquid-disordered (Ld). It is generally assumed that the Lo phase is
thicker than the Ld phase. We hypothesize that increasing the chain length of
the low-Tm lipid and/or decreasing the chain length of the high-Tm lipid yields
systems with thicker Ld phases. We measured phase heights of membranes
containing high-Tm lipids with saturated tails of 12 to18 carbons, and low-
Tm lipids with unsaturated tails of 20 to 24 carbons or phytanoyl chains. Of
all these combinations, only one ternary system produced data consistent
with thicker Ld than Lo phases: DPPC/Di(22:1)PC/cholesterol. To identify
which phase was thicker in each membrane, we first ruptured giant phase-
separated vesicles labeled with a fluorescent probe on mica to form supported
lipid bilayers. This allowed us to directly compare fluorescence images (to
identify Lo and Ld phases) to AFM images (to reports heights) of the same
vesicle. We expanded our study to include bilayers with compositions from a
recent study from Lin and London (2013 J. Biol. Chem.). These compositions
are believed phase separate into thicker Ld nanodomains. To our knowledge,
we present the first direct observations of systems in which the thicker liquid
phase is not the more ordered phase, showing that height and order need not
be correlated.
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Anesthesia is induced by molecules with a wide range of structural variation.
At the same time, structurally similar molecules can had very different ef-
fects on anesthesia. Studies have shown a relationship between the anesthe-
tic’s dosage and partitioning into an oil:water system. In order to address thediversity of anesthetic molecules, numerous studies over the past few decades
have explored properties of lipid membranes to offer a molecular mechanism
of general anesthesia other than the specific protein binding hypothesis. We
investigate the effect that n-alcohols and other anesthetics have on the two-
dimensional miscibility critical point of RBL-2H3 giant plasma membrane
vesicles (GPMVs). In this study, we observe that the molecules lower the
critical temperature (Tc) in a dosage dependent manner while maintaining
vesicles at a critical composition. Scaling the concentration by a given mol-
ecule’s median anesthetic concentration (AC50) yields shifts in Tc that are
similar for all n-alcohols. When the AC50 of the n-alcohol is applied, there
is a decrease in Tc by 4C. Additionally, when other anesthetics are applied,
including propofol, phenylethanol, and isopropanol, GPMV miscibility tem-
peratures are lowered by similar amounts when scaled by their AC50 or clin-
ically relevant dosage. However, two structural analogs of anesthetics with
no anesthetic activity, 2,6 ditertbutylphenol and tetradecanol, do not alter
transition temperatures when incorporated into GPMVs. These results lead
us to hypothesize liquid general anesthetics may contribute to anesthesia
by reducing lipid-mediated heterogeneity in plasma membranes. We are
currently investigating the effect of liquid general anesthetics on the organi-
zation of plasma membrane proteins and on signaling pathways that are
thought to rely on lipid mediated heterogeneity for some aspects of their
functions.
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Giant plasma membrane vesicles (GPMVs) harvested from mammalian cells
have a compositional critical point near room temperature which is character-
ized by a diverging correlation length of fluctuations as the critical temperature
(Tc) is approached from above. The temperature dependence of the correlation
length was previously examined using wide-field microscopy, which limited
the accessible length scale to fluctuations greater than the point spread function
of the microscope, on the order of 0.5 mm (Veatch et al. ACS Chem Bio 3:287
2008). Fluctuations of this size only occur at temperatures within 1C of Tc and
predict roughly 20nm sized fluctuations at 37C. Here we utilize super-
resolution and single molecule techniques to measure correlations smaller
than accessible to wide-field microscopy through two distinct experiments
that utilize cholera toxin B subunit (CTxB) which labels the liquid-ordered
phase of GPMVs. In the first set of experiments, we probe the lateral heteroge-
neity of CTxB by quantifying the time-resolved cross-correlation between two
pools of CTxB labeled with spectrally distinguishable fluorescent probes. By
this method, we are able to measure the magnitude and length scale of critical
composition fluctuations over a broader temperature range than was previously
accessible. In the second set of experiments, we track the mobility of single
CTxB proteins diffusing on the GPMV vesicle surface. Recent theoretical
work predicts that strongly partitioning single molecules should experience
anomalous diffusion in near-critical membranes (McConnel, J. Chem. Phys.
137:215104 2012). We find that the diffusion coefficient of CTxB varies as a
function of diffusion time, in general agreement with theoretical predictions.
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Lipid membranes composed of at least three lipid types can phase separate into
micron-scale, coexisting liquid phases. Domains in each leaflet are never
observed to move out of registration, which indicates a strong interleaflet
coupling. Our group has found that this strong coupling persists in asymmetric
membranes, where lipid ratios are different in each leaflet [1]. For membranes
that lack transmembrane proteins or gel phases, the origin of this strong
coupling is not intuitive [2]. Previously, we have found that domain registration
persists in supported bilayers to shear rates of 6 seconds1. Here, we use micro-
fluidic techniques to apply higher shear to supported bilayers with the goal of
overcoming coupling by moving the membrane’s upper leaflet with respect to
the lower leaflet. We use a flow cell design by Jo¨nsson which was previously
shown to move bilayers across a substrate [3]. In this system, the leaflet prox-
imal to the substrate flows much slower than the leaflet proximal to the solution,
leading to a macroscopic spatial shift between initially apposed regions. This
technique of subjecting supported bilayers to high shear allows us to probe in-
teractions between leaflets in the monolayer.
Sunday, February 16, 2014 93a1. Collins MD, Keller SL (2008) PNAS, 105(1):124-128.
2. Devaux PF , Morris R (2004) Traffic, 5:241-246.
3. Jo¨nsson P, Beech JP, Tegenfeldt JO, Ho¨o¨k F (2009) JACS, 131(14):5294-
5297.
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We have examined the effects of adding cis- and trans-unsaturated lipid to a
fully interdigitated membrane using differential scanning calorimetry (DSC)
and x-ray diffraction. For the interdigitated lipid, we used a monofluorinated
analog of 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC). The single
fluorine atom on the end of the sn-2 chain allows 1-palmitoyl-2-(16-fluoro-
palmitoyl)sn-glycero-3-phosphocholine (F-DPPC) to spontaneously form the
interdigitated gel phase (LbI) below the main transition temperature (Tm).
Both the cis 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) and the
equivalent trans lipid 1,2-dielaidoyl-sn-glycero-3-phosphocholine (DEPC)
are strongly disfavored to form the LbI phase. There is a large degree of
phase segregation between interdigitated and non-interdigitated lipid in
DOPC/F-DPPC and DEPC/F-DPPC. The DSC thermograms reveal low
miscibility and that both unsaturated lipids broaden and lower the main tran-
sition corresponding to the F-DPPC-rich component. Our WAXS data
demonstrate that the unsaturated lipids progressively disrupt the intermolec-
ular packing at higher concentrations. Furthermore, the SAXS data show
that as the ratio of unsaturated lipid increases, the amount of interdigitated
lipid decreases. The interdigitated gel phase formed by F-DPPC is resilient
in the sense that the interdigitated phase disappears only at very high frac-
tions of the unsaturated lipid. However, at the same concentration of unsat-
urated lipid, a greater percentage of the membrane remains interdigitated
with DEPC than with DOPC. Therefore, the cis isomer is more disruptive
and inhibits interdigitation more effectively than the trans isomer. This
behavior supports the general conclusion that lipids with trans fatty acids
have properties that are intermediate between saturated and cis-unsaturated
lipid.
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The interaction of porphyrins with membranes is an important part in under-
standing the mechanism of action of porphyrins on the biological object. Por-
phyrins exhibit biological effect as a result of direct interaction with biological
membranes, or interaction with intracellular structures, as a result of its passing
through the membrane. That’s why it is very important to study the interaction
of different porphyrins with membranes and to check if this interaction had any
effect on the physicochemical properties of membranes. Because of the compli-
cated organization and functioning of cellular membranes, it is appropriate to
conduct experiments on model object, such is bilayer lipid membrane (BLM).
The effect of meso-tetra-[4-N-(20-oxyethyl) pyridyl] and Zn-meso-tetra-[4-N-
(20- oxyethyl) pyridyl] porphyrins on the permeability of BLM is studied using
optical (UV/Vis absorption) method. The special cell adapted to UV/VIS spec-
trophotometer is made for the investigation of porphyrin penetration through
BLM. The passage of porphyrins through the membrane is investigated by ab-
sorption in the Soret band as a function of time. As a result the permeability
coefficient of BLM is calculated for these porphyrins by the method of least-
squares [1].
Obtained results allow to understand the mechanisms of porphyrins passage
through the cell membranes. This approach is aimed at understanding and opti-
mizing the chemical structure and pharmacological properties of porphyrins us-
able in medicine. These investigations are also important in terms of interaction
of porphyrins with liposomes [2], as liposomes, the structural basis of which are
bilayer membranes, are widely used as transportation to deliver drugs (for
example, based on porphyrins) to the target-cell.
[1] A. Torosyan, V. Arakelyan, R. Ghazaryan. The 5th EMBO meeting, Am-
sterdam, Abstract book, p. 230 (2013).
[2] F. Postigo, M. Mora, M. De Madariaga et al. International Journal of Phar-
maceutics, 278(2): 239-54 (2004).496-Pos Board B251
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Giant plasma membrane vesicles (GPMVs) are traditionally made by incu-
bating cells with a buffer containing a reducing agent and a low concentration
of formaldehyde. When GPMVs are prepared in this way from RBL-2H3 cells,
the vesicles appear uniform around physiological temperatures, but phase
separate into coexisting liquid-ordered and liquid-disordered phases at lower
temperatures. When the reducing agent dithiothreitol (DTT) is used, the
GPMVs typically phase separate in the range 15C - 20C, where transition
temperature is defined as the temperature where half of the vesicles produced
by a cell population contain coexisting liquid phases. Significantly lower tran-
sition temperatures (typically ~0C) are found when DTT is replaced with either
glutathione or N-ethylmaleimide (NEM), as has been observed previously for
the case of NEM (Levental et al. 2010). GPMVs were also prepared using a
method that does not utilize either a reducing agent or formaldehyde, but
instead uses a hypertonic chloride salt solution that results in the secretion
of vesicles similar in size to those of the reducing agent methods (Del Piccolo
et al. 2012). GPMVs made in this way have very low transition temperatures,
typically <0C. In addition to lower transition temperatures, GPMVs prepared
using NEM, glutathione, or through osmotic stress all contain a slightly
increased surface fraction of liquid-ordered phase at low temperatures. These
results are consistent with the previous conclusion that DTT induces biochem-
ical changes in inner leaflet proteins that result in elevated transition tempera-
tures and a reduced protein partitioning with liquid-ordered phase lipids
(Levental et al. 2010).
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In present work the structure of raft/surrounding membrane boundary is calcu-
lated basing on hydrophobic mismatch model. Raft boundary energy is min-
imal when boundaries of monolayer domains forming a bilayer raft are shifted
by a finite distance about 4 nm. The algorithm is developed to estimate the
system energy as a function of relative shift of monolayer domains centers.
It is shown that for decoupling of 30 nm radius raft it is necessary to over-
come the energy barrier of about 20 kBT; for reassembly of the bilayer raft
it is necessary to overcome the energy barrier of about 15 kBT height.
From analysis of bending stress profile across the boundary it follows that
non-bilayer components possessing large spontaneous curvature tend to accu-
mulate in narrow regions near the raft boundary. The accumulation of even
small amounts of the components leads to significant change of domain line
tension. This allows to explain the line activity of such components, observed
experimentally.
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Mammalian cells regulate the concentration of cholesterol in their plasma and
endoplasmic reticulum membranes (1). That regulation may be triggered by
changes in the chemical activity of cholesterol in those membranes. Deter-
mining the activity of cholesterol, even in a model system, is a difficult task.
In 2000, Radhakrishnan and McConnell investigated lipid monolayers at an
air-water interface and presented evidence that lipids and cholesterol form
complexes with a particular stoichiometry (2). By using cyclodextrin to remove
cholesterol from the monolayer, they found that the chemical activity of choles-
terol changed dramatically at the stoichiometry of the complex. Inspired by
their work and the work of others (3), we use cyclodextrin to remove choles-
terol from supported lipid bilayers that we image by fluorescence microscopy.
We measure the rate at which the area of three types of bilayers decreases. The
bilayers are composed of a binary mixture of cholesterol and one of three
different phospholipids for which the area condensation of lipid and cholesterol
in bilayers is known (4). Combining these data, we determine the rate of
